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ABSTRACT : PROBLEM TO BE SOLVED: To obtain varicolored moire patterns by combining former 
means by slightly shifting or inclining two kinds of same or slightly different embossed 
patterns to superposing them on a translucent plastic sheet or separately applying them to 
both surfaces thereof. 

SOLUTION: First embossing 2 is applied to the translucent plastic sheet extruded from a 
T-die 4 by a first embossing roll 5 and second embossing 3 is continuously superposed on 
the first embossing by a second embossing roll 6. In this case, since the plastic sheet to 
which first embossing is applied is slightly contracted in its width direction as a result of 
applying tension to the plastic sheet, the original embosses are crushed at parts where 
ridges and valleys collide with each other and parts where embosses become 
inconspicuous are generated at a constant cycle. Further, parts where embosses are 
crushed by the fluctuations of a tensile speed are changed to the left and right of the sheet 
and irregular moire patterns are developed. When first and second embossings are 
applied to both surfaces of the sheet, a moire phenomenon by light interference is 
produced. 
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® A layered photosensitive medium (30) is modi- 
fled to reduce the effects of destructive interference 
within the medium caused by reflection from coher- 
ent light incident thereon. The modification is to 
roughen the surface of the substrate (32) upon which 
the ground plane (34) is formed, the ground plane 
formed so as to conform to the underlying surface 
roughness. Light reflected from said ground plane is 
diffused through the bulk of the photosensitive layer 
breaking up the interference fringe patterns which 
are later manifested as a plywood defect on output 
prints made from the exposed photosensitive me- 
dium. 




FIG. 4 
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BACKGROUND AMD PRiOR ART STATEMENT 

The present invention relates to an imaging 
system using coherent light radiation to expose a 
layered member in an image configuration and, 
more particularly, to suppressing optical interfer- 
ence occurring within the photosensitive member 
resulting in a defect that resembles the grain in a 
sheet of plywood. The defect is manifested in 
output prints derived from the exposed photosen- 
sitive member when the exposure Is a uniform, 
intermediate-density gray. 

There are numerous applications in the elec- 
trophotographic art wherein a coherent beam of 
radiation, typically from a helium-neon or diode 
laser is modulated by an input image data signal. 
The modulated beam is directed (scanned) across 
the surface of a photosensitive medium. The me- 
dium can be, for example, a photoreceptor drum or 
belt in a xerographic printer, or a photosensitive 
film. Certain classes of photosensitive medium 
which can be characterized as "layered 
photoreceptors" have at least a partially transpar- 
ent photosensitive layer overlying a conductive 
ground plane. A problem inherent in using these 
layered photoreceptors, depending upon the phys- 
ical characteristics, is the creation of two dominant 
reflections of the incident coherent light on the 
surface of the photorecepton e.g., a first reflection 
from the top surface and a second reflection from 
the top surface of the relatively opaque conductive 
ground plane. This condition is shown in Figure 1; 
coherent beams 1 and 2 are incident on a layered 
photoreceptor 6 comprising a charge transport lay- 
er 7, Charge generator layer 8, and a ground plane 
9. The two dominant reflections are: from the top 
surface of layer 7, and from the top surface of 
ground plane 9. Depending on the optical path 
difference as determined by the thickness and in- 
dex of refraction of layer 7, beams 1 and 2 can 
interfere constructively or destructively when they 
combine to form beam 3. When the additional 
optical path traveled by beam 1 (dashed rays) is an 
integer multiple of the wavelength of the light, 
constructive interference occurs, more light is re- 
flected from the top of charge transport layer 7 
and, hence, less light Is absorbed by charge gener- 
ator layer 8. Conversely, a path difference produc- 
ing destructive interference means less light is lost 
out of the layer and more absorption occurs within 
the charge generator layer 8. The difference in 
absorption in the charge generator layer 8, typically 
due to layer thickness variations within the charge 
transport layer 7, is equivalent to a spatial variation 
in exposure on the surface. This spatial exposure 
variation present in the image formed on the 
photoreceptor becomes manifest in the output 
copy derived from the exposed photoreceptor. Rg- 
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ure 2 shows the areas of spatial exposure variation 
(at 25x) within a photoreceptor of the type shown in 
Rgure 1 when illuminated by a He-Ne laser with an 
output wavelength of 633 nm. The pattern of light 

5 and dark interference fringes look like the grains on 
a sheet of plywood. Hence the term "plywood 
effect" is generically applied to this problem. 

One method of compensating for the plywood 
effect known to the prior art is to increase the 

10 thickness of and, hence, the absorption of the light 
by the charge generator layer. For most systems, 
this leads to unacceptable tradeoffs; for example, 
for a layered organic photoreceptor, an increase in 
dark decay characteristics and electrical cyclic in- 

75 stability may occur. Another method, disclosed in 
U.S. Patent 4,618,552, is to use a photoconductive 
Imaging member in which the ground plane, or an 
opaque conductive layer formed adjacent the 
ground plane, is formed with a rough surface mor- 

20 phology to diffusely reflect the light A still further 
method.disclosing co-pending application entitled 
"Photosensitive Imaging Member with a Low-Re- 
flection Ground Plane", USSN , as- 
signed to the same assignee as the present inven- 

25 tion, is to modify the imaging member by forming 
the ground plane of a low-reflecting conductive 
material. 

According to the present invention the plywood 
effect Is significantly reduced by breaking up the 

30 coherence of the dominant reflections from the 
conductive substrate surface. This is accomplished 
by forming the conductive ground plane on an 
underlying dielectric substrate whose surface has 
been treated to produce a rough surface morphol- 

35 ogy which is then replicated on the overiying 
ground plane surface. While it is known in the prior 
art to utilize a dielectric substrate beneath a ground 
plane (see U.S. Patents 4,019.902, 4.618, 552. and 
4,704,325) it is not known to roughen the substrate 

40 surface so as to replicate the roughness in the 
overlying ground plane. The above-identified prior 
art reference, U.S. Patent 4,618,552. while describ- 
ing a ground plane with a roughened surface, does 
not disclose an underlying dielectric substrate with 

45 a roughened surface which is replicated at the 
ground plane. More particulariy the invention re- 
lates to a photosensitive imaging member compris- 
ing at least a semi-transparent photosensitive layer 
contiguous to a metallic ground plane substrate, 

so said ground plane formed on a dielectric substrate 
having a roughened surface, said ground plane 
conforming to said roughened dielectric substrate 
surface whereby said ground plane surface is dif- 
fusely reflective to light incident thereon. 

55 

DESCRIPTION OF THE DRAWINGS 

Rgure 1 shows coherent light incident upon a 

2 
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prior art layered photosensitive medium leading to 
reflections intemal to the medium. 

Figure 2 shows a spatial exposure variation 
plywood pattern in the exposed photosensitive me- 
dium of Figure 1 produced when the spatial vari- 
ation in the absorption within the photosensitive 
member occurs due to an interference effect. 

Figure 3 is a schematic representation of an 
optical system incorporating a coherent light 
source to scan a light beam across a photoreceptor 
modified to reduce the interference effect accord- 
ing to the present invention. 

Figure 4 shows a cross sectional view of the 
photoreceptor.of Figure 3 showing a dielectric base 
with a rough surface morphology replicated in the 
overiylng ground plane. 

Figure 5 shows the base surface of Fig. 4 
roughened by a laser masking process. 

DESCRIPTION OF THE INVENTiON 

The present invention will be described in the 
context of plywood suppression In a xerographic 
type of reproduction system where an organic lay- 
ered photoreceptor is exposed by a modulated 
coherent light pattern generated by a diode laser 
and modulator system. It is understood, however, 
that the techniques are applicable to other types of 
layered photosensitive mediums which are subject 
to the same type of spatial exposure variation at its 
surface. 

Figure 3 shows an imaging system 10 wherein 
a diode laser 12 produces a coherent output which 
is scanned across photoreceptor 14. In response to 
video signal Information representing the informa- 
tion to be printed or copied, the laser diode is 
driven so as to provide a modulated light output 
beam 16. Flat field collector and objective lens 18 
and 20, respectively, are positioned in the optical 
path between laser 12 and light beam reflecting 
scanning device 22. In a preferred embodiment, 
device 22 is a multi-faceted mirror polygon driven 
by a motor 23, as shown. Rat field collector lens 
18 coHimates the diverging light beam 16 and field 
objective lens 20 causes the colli mated beam to be 
focused onto photoreceptor 14 after reflection from 
polygon 22. Photoreceptor 14, in a preferred em- 
bodiment, is a layered photoreceptor shown in par- 
tial cross-section in Figure 4. 

Turning now to Figure 4, there is shown a side 
view of a portion of photoreceptor 14. in cross- 
section, consisting of a dielectric substrate 32. typi- 
cally a polythylene terephthalate (PET), conductive 
ground plane 34, a charge generator layer 36, and 
a charge transport layer 38. Layers 36 and 38 are 
of an organic material and are semi-transparent 
Various materials for a photoreceptor belt of this 
basic construction are disclosed in U.S. Patent 



4.588.667 assigned to the same assignee as the 
present invention. The contents of 4.588.687 are 
hereby incorporated by reference. 

Consistent with present day coating tech- 

5 niques, transport layer 38 will unavoidably have 
some spatial variation in thickness, typically of 0.1 
to 1.0 micron. This spatial variation gives rise to a 
path difference in the incident coherent light beams 
16 creating the interference patterns described be- 

70 low. For a 1 micron thickness variation the beam 
passing through layer 38 will go through four inter- 
ference fringes for a 633 nm wavelength light 
source. 

In order to reduce the interference effect, sub- 

75 strate 32 has a top surface 30 which has been 
roughened by one of several techniques described 
below. Qround plane layer 34 is formed on sub- 
strate 32 by, for example, a sputtering or evapora- 
tion process and has a surface 33 which follows 

20 the contours of the roughened surface 30. Charge 
generator layer 36, formed on ground plane 34, 
also has a roughened surface 37 which follows the 
contours of surfaces 30, 33. The roughened ground 
plane surface 33 acts to break up the coherence of 

25 the rays reflected off from the ground plane. 

According to a first aspect of the present in- 
vention, surface 30 is roughened by a laser abla- 
tion process prior to coating of ground plane 34 on 
its surface. Well defined etch pits are formed at the 

30 surface 30 of substrate 32 by an excimer laser 
working at 248 nm. The geometry and depth of the 
pits are easily controlled by controlling the incident 
intensity and the size of the focused light spot. A 
suitable pattern can be chosen by proper selection 

35 of the speed and switching rate and by the move- 
ment of the substrate tiirough the work zone. Other 
continuous lasers such as Nd-Yag and carbon diox- 
ide could be used In conjunction with a fast switch- 
ing cell; e.g., a Kerr cell. As an alternative, criss- 

40 cross grooves could be cut by a CW laser scan- 
ning across the substrate surface. Still another ap- 
proach is to place a mask in the path of the 
incident beam to lay down a well defined pattern. 
As shown in Figure 5, the excimer laser beam 

45 passes through mask 42. The modulated light is 
focused by lens 44 as a mask pattern 46 on the 
surface 30 of substrate 32. 

According to a second aspect of the invention, 
substrate 32 can be formed by incorporating filler 

60 particles of regular or irregular morphology into the 
substrate either at the time the substrate is made 
or, alternately, by forming the substrate first and 
then coating the surface with a filler loaded poly- 
meric coating. Spherical fillers are preferable for 

55 they provide the surface morphology with a wide 
range of scattering angles, in addition, there would 
not be any sharp points that protrude from the 
surface. 
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According to a still further aspect of the 
present invention, the average roughness of the 
substrate should be at least 1/4 - 1/2 of the 
wavelength of the incident light For example, with 
a laser having a visible light range of 660 - 680 nm, 
an average roughness of about 0.3 microns would 
be appropriate to produce the desired light scatter- 
ing effect. For a wavelength range of 400 - 900 nm, 
a typical average roughness would range between 
X/4 - X/2n where X is the wavelength of the incident 
light and n is the refractive Index of the medium 
which the light travels. 

From the above description, it is seen that the 
rough substrate surface, and the conforming over- 
iying ground plane surface sen^e to break up the 
coherence of the reflection from the ground plane 
surface, eliminate interference fringes and hence 
eliminate the interference effect manifested as in- 
terference fringes on output prints later derived 
from the exposed photoreceptor. 

While the invention has been described with 
reference to the structure disclosed, it will be ap- 
preciated that numerous changes and modifications 
are likely to occur to those skilled in the art, and is 
intended to cover all such changes and modifica- 
tions which fall within the true spirit and scope of 
the invention. For example, hybrid-type 
photoreceptors are known in the art which use an 
evaporated charge generator layer which is dense- 
ly packed with photogenerating pigments, but little 
polymer binder in the interstices. As a result, the 
primary reflection of light will be from the interfer- 
ence between the charge generator layer 36 and 
the charge transport layer 38. e.g. surface 37 in 
Rgure 4. Since the rough surface morphology of 
substrate 30 is replicated through the charge gen- 
erator layer 36. the reflection from surface 37 will 
be broken up eliminating the interference effects. 
The invention may also contemplate a photorecep- 
tor where the charge transport and charge gener- 
ator layers are formed within a single layer. 

Claims 

1. A photosensitive imaging member comprising 
at least a semi-transparent photosensitive layer 
contiguous to a ground plane substrate, said 
ground plane formed on a dielectric substrate 
having a roughened surface, said ground plane 
surface conforming to said roughened dielec- 
tric substrate surface whereby said ground 
plane surface is diffusely reflective to light 
incident thereon. 

2. The imaging member of claim 1 comprising a 
charge transport layer contiguous to a charge 
generator layer, said charge generator layer 
overlying said ground plane layer formed on 



said dielectric substrate, and wherein said 
charge generator layer surface conforms to 
said roughened ground plane and dielectric 
substrate surface. 

5 

3. The imaging member of claim 1 or claim 2 
wherein said roughened substrate surface is 
fomned by a laser ablation process. 

70 4, The imaging member of claim 3 wherein said 
roughened substrate surface is formed by di- 
recting the laser output through a mask and 
focusing the mask radiation pattern onto said 
substrate surface. 

75 

5. The imaging member of claims 1 or 2, wherein 
a plurality of filler particles are mixed into the 
substrate to produce a rough surface morphol- 
ogy. 

20 

6. The imaging member of claim 1 or 2, wherein 
a filler particle mixture layer is formed on the 
surface of said substrate, said mixture layer 
providing the rough surface morphology. 

25 

7- The imaging member of claims 1 or 2, wherein 
the average roughness of said substrate sur- 
face is approximately 1/4 - 1/2 the wavelength 
of said incident light. 

30 

8. The imaging member of claims 1 or 2 wherein 
the average roughness of said substrate sur- 
face is within a range of X/4 - X/2 where X is 
the wavelength of the light and n is the index 

35 of refraction of the medium in which the light 

travels. 

9. A raster output scanning system comprising; 
means for generating a beam of high intensity, 

40 modulated coherent light, optical means for 

imaging said beam onto the surface of a pho- 
tosensitive image recording medium, said re- 
cording medium comprising at least a semi- 
transparent photoconductive charge transport 

45 layer, overlying a charge generator layer and a 

conductive ground plane, said ground plane 
formed on a dielectric substrate having a 
roughened surface, said ground plane con- 
forming to said roughened dielectric substrate 

50 surface whereby said ground plane surface Is 

diffusely reflective to light incident thereon. 

10. A process for forming a photosensitive Imaging 
member comprising the steps of: providing a 

55 dielectric substrate with a roughened surface 

and forming a metal ground plane on said 
dielectric substrate, said ground plane con- 
forming to said roughened dielectric substrate 



4 
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surface whereby said ground plane surface is 
diffusely reflected to light incident therein. 

11. The process of Claim 10 wherein said dielec- 
tric substrate surface is roughened by a laser 
ablation process. 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID:<EP 0462439A1J > 



EP 0 462 439 A1 




FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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